Objective The aim of the study is to assess the clinical and radiological factors that increase the surgical difficulty in removal of mandibular impacted 3rd molar and design a new difficulty predictive index. Methods The data was collected from 100 patients with impacted mandibular 3rd molar who presented to Department of Oral and Maxillofacial Surgery, K.L.E's Institute of Dental Sciences. Clinical and radiological parameters included in the New Index were noted. The tooth was then removed under local anesthesia and time taken for the removal was noted. The Pederson Index, New Index and time taken were co-related using kappa statistical analysis. Results The kappa agreement between Pederson Index and time taken was 66.50 % (0.2231) whereas between New Index and time was 89 % (0.7177) indicating that New Index is a better predictor of the difficulty. Conclusion The New Index is a reliable tool in predicting the difficulty in the removal of mandibular impacted third molar.
Introduction
Surgical removal of mandibular third molar is one of the most common procedures in any dental office. This is why, sometime in their career, every dental surgeon has faced difficulty in surgical removal of mandibular third molars. Both the patient and dentist must therefore have scientific evidence-based information concerning the estimated level of surgical difficulty of every case. The ability to predict the surgical difficulty of lower third molar extraction is essential when designing a treatment plan in that it helps to assess the competence of the dental practitioner for the particular operation, minimize complications, and optimize the preparation of the patient and assist in terms of the postoperative management of inflammation and pain [1] [2] [3] . We should know the difficulty in advance so as to plan the surgery, explain to the patient the expected difficulty and possible complications if any. It gives us an idea to schedule the appointment as required in difficult cases.
There are a number of previous studies to evaluate surgical difficulty in the extraction of impacted mandibular third molars [4] [5] [6] [7] . However, most of these studies were based only on dental factors evaluated by radiologic assessment. Other authors believe it is difficult to estimate actual difficulty by radiologic methods only, and that it is only intraoperatively that actual difficulty can be estimated [8] . Some authors also believe that clinical variables such as age, gender, and weight of the patient are also very important [9] .
An appropriate paradigm is needed to determine factors associated with surgical difficulty to treat patients adequately and provide students and residents with the tools necessary to predict the difficulty and the possible complications encountered during surgery. In this study we have assessed both clinical and radiologic variables that are responsible for increasing the difficulty encountered during the surgical extraction of mandibular third molars. We also propose a New Index based on both clinical and radiologic variables.
Materials and Methods
The required data for the study was collected from 100 human subjects with impacted mandibular 3rd molar teeth who presented to the Department of Oral and Maxillofacial Surgery, K.L.E's V K Institute of Dental Sciences, Belgaum. The patients who were included in the study were all healthy adults in the age range of 18-45 years {males/ females}; ASA class I and class II; if one or more episodes of infections such as pericoronitis, abcess has occurred; when there is caries in the 3rd molar with no hope of restoration or caries in the second molar which cannot be treated without removal; if periodontal disease caused by the position of the 3rd molar is also affecting the second molar.
Detailed case history of the patient was taken. All patients were ruled out for any medical conditions. Then a thorough examination of the third molar in question was done. Preoperative details were noted on the proforma ( Table 1 ). The assessment included the Pederson's Index, depth from point of elevation, the preoperative clinical grading chart, the root form, width of the root.
After thorough case history, clinical and radiographic evaluation, the patient is prepared for the surgery. The patient was positioned in the dental chair, baseline recordings of blood pressure was measured. Local anesthesia using 2 % lignocaine HCl with 1:200,000 adrenaline was administered to the operating site depending on the procedure to gain local analgesia. After the effect of local anesthesia was achieved, surgery was started under all aseptic precautions. Surgical procedure for the impacted third molar was performed. During the surgery, a verbal contact was maintained with the patient at all times. At any point of time when it was found that the anesthetic was not adequate, an incremental block was given later on during the procedure. A standard incision with no. 15 blade was made with the buccal vertical release incision. Approach was usually the ward's incision. Soft tissue was reflected using a periosteal elevator. Bone removal was done for all the 100 impacted teeth using a straight carbide fissure bur (ss white carbide bur no. 702) and no. 8 round bur. Tooth division was done using the same bur. Elevation of distal tooth segment was followed by the mesial tooth segment. After removal of the tooth the alveolus was inspected for root fragments, loose bony fragments, attached dental follicle sac and curetted if necessary. Thorough inspection for fracture of the lingual plate or exposure of the inferior alveolar nerve was done. Thorough curettage of the socket was done. Closure was done using silk sutures. The time taken from the start of incision to the time the tooth was removed from the socket was noted for every case.
After all 100 cases, the study of quartiles was done on the proposed New score and the time taken and they were divided into three groups; slightly difficult, moderately difficult and very difficult, thus giving a New Index that helps in preoperatively predicting the difficulty in the surgical extraction of mandibular third molar. The Pederson Index score, the New Index score and the time taken are correlated using the kappa statistical analysis. The protocol was reviewed by the appropriate institutional review board (IRB), was in compliance with the Helsinki declaration, and each subject in the project signed a detailed informed consent form.
Results
Note: for statistical analysis purposes, the total score was classified into ''slightly difficult'', ''moderately difficult'', and ''difficult'' groups on the basis of quartiles of the scores (i.e. BQ1 = slightly difficult; between Q1 and Q3 = moderately difficult; and CQ3 = difficult). The minimum score was 10 and maximum was 33 (Table 2) .
Of the 100 cases; according to Pederson Index, slightly difficult included 34 patients, moderately difficult included 28 patients and difficult included 38 patients whereas our New Index included 28 patients in slightly difficult group, 45 in moderately difficult group and 27 in the difficult group as shown in (Table 3) .
Comparison between the Pederson Index and time taken shows a kappa agreement of 66.50 % (kappa value 0.2231) as shown in Tables 4 and 5 whereas between New Index and time taken shows a kappa agreement of 89 % (kappa value 0.71778) as shown in Tables 5 and 6 .
Discussion
Preoperative assessment of surgical difficulty is fundamental to the planning of extraction of impacted third molars. The assessment is not only important to the dental surgeon who needs it to be able to decide whether or not to refer patients for specialist care, but it is also important in predicting the possible complications so that the patient can be informed [2] . Most researchers agree that postoperative complications are more commonly associated with more difficult extractions. With the range of difficult extractions from the studies being between 4.1 and 44.5 %, it is imperative that patients are, to the highest level of scientific certainty, informed of the possibility of complications after removal of their impacted mandibular third molars, based on a preoperative estimation of difficulty. Prediction of operative difficulty is therefore important for correct management (Table 7) .
MacGregor [10] made the first attempt to establish a model for assessing surgical difficulty [10] . This model served as the basis for subsequent studies. Previous assessment models are based on dental factors recorded on preoperative X-rays [1, 2, 11] . Three imaginary lines to determine the depth of the mandibular third molars in bone have been described earlier [12] . This method is taught to most undergraduate students, but is reported to be used little in practice [1] . Pell and Gregory described an alternative method, but it also has recently been found to be an unreliable method of determining surgical difficulty [13] . The Pederson scale is widely cited in oral and maxillofacial surgical texts as a useful way of predicting the difficulty of extraction of impacted lower third. However, this method has recently been found to be inadequate for the determination of surgical difficulty [14] . Edwards et al. [8] corroborated this by reporting that it is difficult to estimate actual surgical difficulty by radiologic assessment alone. Thus, a classification system based on clinical and radiographic results would be a useful tool [15] . In our study, mandibular third molars were studied in 100 patients in whom 100 third molars were extracted using transalveolar method. Of the 100 patients, 59 were males and 41 females. There was no significant difference between the number of male and female patients which is in contrast to the study by Carvalho et al. [16] who suggest that women seek third-molar surgery more frequently than men. According to Nakagawa et al. [17] the female gender is a risk factor because of the mandible's lesser bone thickness. In the present study, however, gender was not a determinant of surgical difficulty. The mean age of the patients was 28.32 years.
A number of studies have used surgery time and surgical technique as determinants of difficulty [4, 11, 18, 19] . A study by Lago-Méndez et al. found both these factors to be reliable, statistically significant measures and the best way to predict surgical difficulty [19] . The surgery time is considered to be the gold standard in determining the surgical difficulty [4, 11, 15, 18, 19] . In our study, we have considered time taken for tooth removal (surgery time) to be the gold standard for determination of the surgical difficulty against which we have compared the conventional Pederson's Index and our proposed New Index.
In our study, the kappa of agreement between the conventional Pederson's Index and the surgery time is 66.50 % (p value = 0.2) in contrast to the kappa of agreement between our proposed New Index and the time taken for tooth removal which is 89.0 %. The results of our study indicates that there is no significant association between the conventional Pederson's Index and the operation time. We have proposed a New Index in which factors like depth from point of elevation, mouth opening, tongue size, angulation of external oblique ridge, cheek flexibility, width of the root, curvature of roots were incorporated along with the Pederson's Index. There is a significant association between this New Index and the operation time which reflects on the accuracy of the index.
In our opinion radiographic factors alone are insufficient predictors of the surgical difficulty encountered during the surgical removal of mandibular third molar. The Pederson Index originally aimed to grade the difficulty of surgical extraction; the intervals of classification have the same value and the points indicated difficulty. However the Pederson's scores in almost all our patients was classified as moderately difficult which is in accordance with the study by Yuasa et al. [6] . The results of our study show that the New Index is better than the Pederson's Index in terms of kappa agreement test. The difference between the New Index and Pederson's Index is the inclusion of additional factors like depth from point of elevation, mouth opening, tongue size, angulation of external oblique ridge, cheek flexibility, width of the root, curvature of roots. This suggests that the additional clinical factors are equally important for the prediction of the surgical difficulty. Thus both clinical and radiographic factors when assessed together enables in accurate prediction of the surgical difficulty. Our New Index includes both clinical and radiologic factors, as a result of which there is a significant association between our index and the operation time.
In our opinion, this New Index is an accurate and valuable tool for the prediction of the surgical difficulty in the removal of mandibular third molar. This index is easy to calculate and can be used by general dental practitioners, residents and experienced oral and maxillofacial surgeons alike.
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